We aimed to combine the nanoscale structure with bio-molecules to open the door for novel biology and nanotechnology applications. Multi-walled carbon nanotube (MWCNT) was combined with the biocompatible polymer chitosan (Cs) producing the Cs/MWCNT nanocomposite and utilized as a drug carrier for three types of drugs, namely 5-fluorouracil, curcumin, and water-soluble curcumin derivative. The produced nanocomposite was with a homogenous well-defined structure that proved by transmission electronic microscopy, FT-IR, X-ray diffraction, and thermal gravimetric analysis. The results of cytotoxicity assay measurement showed that the curcumin encapsulated Cs or Cs/MWCNT nanocomposite presented higher toxicity towards MCF-7 cancer cells compared with RPE1 normal cells indicating to the selective effectiveness of curcumin nanocomposite towards the destruction of the carcinogenic MCF-7 cells. In vitro release studies showed that Cs/MWCNT nanocomposite possesses better slow controlled release performance than chitosan indicating that there is a strong association between the drug and CNTs which triggers the release of the drug for controlled drug release purposes.
INTRODUCTION
An ideal drug delivery system should involve targeted delivery and selective controlled release to optimize the efficacy of the proposed drug and minimize the systemic toxicity (Debbage, 2009; Prato and Kostarelos, 2008) .
A wide range of nanoscale drug delivery systems has been evaluated in recent years for their excellent properties (Karimi et al., 2010; Moghassemi and Hadjizadeh, 2014; Scheibe et al., 2010) . Among them, carbon nanotubes (CNTs) have great attention to be applied in drug carrier system because of their nano diameter, the novel hollow structure, and excellent physicochemical properties, such as the intrinsic stability, structural flexibility, and the ability to prolong the circulation time and hence, the bioavailability of the carried drug molecules (Benito et al., 2009; Yu et al., 2008) .
In addition, CNTs have high ability to penetrate the living cell without causing death or any damage. But the poor dispersibility of the CNT in aqueous solution limits their application in the pharmacological use. Literature's reports suggested that functionalization of CNTs could overcome their aqueous dispersion and optimize their selective distribution so as to increase the cell penetration and released in a controlled manner. Furthermore, the presence of the CNTs in the nanocomposite is fruitful to increase the cytotoxicity (Nivethaa et al., 2016) .
Functionalization can be achieved by including polymers with CNTs through non-covalent interaction to form polymer/ CNTs nanocomposites. Chitosan is one of the common polymers that is used in the modification of CNTs and has been widely applied in medical application (Dang and Leong, 2006; Paul and Sharma, 2000) .
Recently, chitosan has attracted great attention in pharmaceutical and biomedical utilization because of its advantageous bioactivity and biological properties such as biodegradability, biocompatibility, and nontoxicity (Sangsanoh and Supaphol, 2006; Wang et al., 2011) . 5-Fluorouracil (5-FU) as an anticancer drug is most extensively employed in chemotherapy treatment. However, like other drugs used for chemotherapy, it affects the growth of normal body cells and often causes many side effects (Yang and Hon, 2009) .
On the other hand, curcumin and water soluble curcumin derivative are taken as potential anticancer drugs. Where curcumin is well-known to contain full of antioxidant, anti-inflammatory and anti-carcinogenic properties and inhibits cancer in various tissues but it suffers from difficulties in clinical administration because of low water solubility and degradation in the physiological condition (Kumar et al., 2014) .
Thus, it has been suggested that loading these drugs in Multi-walled CNTs (MWCNTs)/chitosan nanocomposite will be effective to optimize their performance to overcome the problematic side effects which were induced by applying the free drug or low-molecular-weight prodrugs.
This current work concerns in the synthesis of a simple biopolymeric composite matrix composed of chitosan and MWCNT. And estimation of its efficiency in the loading of the anticancer drug 5-fluorouracil, curcumin, and curcumin derivative showing the effect of MWCNTs on the efficiency of drug entrapment, stability, cytotoxicity, and the in vitro drug release.
MATERIALS AND METHODS
Chitosan (M. wt. = 300,000-400,000), deacetylation degree DD 85%, was purchased from Sigma-Aldrich, MWCNTs were given from Faculty of Advanced Science-Beni Sweif University). Acetic acid, methanol, drugs curcumin and 5-fluorouracil were purchased from Biobasic Canada Inc. Water-soluble curcumin derivative [1,7-bis(5-carboxyphenylazo-4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione] was prepared as described previously (Rezq et al., 2011; Sobh et al., 2015) . Potassium dihydrogen phosphate (KH 2 PO 4 ) was given from Gen-Lab (Egypt). Hydrochloric acid (HCl), potassium chloride (KCl), and sodium hydroxide (NaOH) 99% were provided from Modern Lab, Egypt, and all were used as received. All experiments were carried out using double distilled water.
Encapsulation of MWCNTs
Multi-walled carbon nanotubes CNTs were first purified from metal particles or amorphous carbon by oxidative methods using strong acids H2SO4/HNO3 as shown in a previous study (Sobh et al., 2018) . MWNT was exposed to acid treatment or oxidation process, then the pristine carbon nanotubes CNT are refluxed causing the length of their chain to be reduced and carboxylic groups were generated resulting in increase of their dispersibility and compatibility with common organic solvents. (Jia et al., 2010; Xiao and Wang, 2009; Prakash et al., 2011) . Polymeric MWCNTs nanocomposites were prepared by encapsulation of modified MWCNTs by chitosan via solution processing method. Where MWCNT was dispersed in chitosan solution. A stock from chitosan solution in 1% acetic acid (5 mg/ml) was prepared. Oxidized MWCNTs (100 mg) were sonicated in chitosan solution (40 ml) for 20 minutes and then stirred at room temperature for 16 hours (Naficy et al., 2009; Zhang et al., 2009) . Cs/MWCNTs nanocomposites were collected in 1% (v/v) NaOH solution (Laka and Chernyavskaya, 2006) and washed with ultrapure water by ultracentrifugation to remove unbound chitosan, then collected and dried at room temperature to obtain Cs/MWCNTs.
Drug loading
A stock solution of curcumin and 5-fluorouracil was prepared in ethanol and water, respectively, at a concentration of 1 mg/ml. The drug was loaded by incorporating the required weight of the oxidized MWCNTs or Cs/MWCNTs composite into the required volume of drug solution by sonication for 10 minutes and stirred for 16 hours at room temperature (Zhang et al., 2009) . The products were collected and removed free drug by centrifuge to 3,000 rpm, at 4°C for 10 minutes, and the clear supernatant was carefully collected.
Statement of human and animal rights
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Morphology Analysis
The structure of the oxidized MWCNT and Cs/MWCNT nanocomposites before and after drug loading were characterized by the transmission electronic microscopy (TEM). The images were attained by JEM-1230-electron microscopy that operated at 60 kV. The sample was diluted by water at least 10 times before taking the images and the well dispersed diluted sample was dropped onto a copper grid (200 mesh) and covered with a carbon membrane, then dried at room temperature.
Drug entrapment efficiency (EE)
Determination of the drug entrapment efficiency involves the determination of the content of drug in polymers that was carried out by an indirect method (Moustafa et al., 2013; Sobh et al., 2015) , where the free drug (unloaded drug) was measured. The unloaded free drug was determined in the clear supernatant following precipitating chitosan solution by adding drops of NaOH solution and separation of nanoparticles by ultracentrifugation at 5,000 r.p.m. for 30 minutes. The free drug concentration in the solution was determined by measuring the absorbance at λ max 380, 300, and 265 nm for curcumin, curcumin derivative, and 5-fluorouracil, respectively, on a Shimadzu Ultraviolet-visible spectrophotometer with the double beam. A standard calibration curve for the free drug with methanol solutions was experimentally obtained.
The drug EE can be calculated using the following equation (Valot et al., 2009 ):
FTIR spectroscopy
The FTIR spectra of the MWCNT, MWCNT/chitosan nanocomposites free from drugs, loaded with drugs and free drugs were recorded in the range of 4,000-400 cm −1 using KBr pellets on an FTIR spectrophotometer (Thermo Nicolet, NEXUS, TM). 
X-ray diffraction (XRD)
X-ray diffraction (XRD) patterns of drugs and MWCNT/chitosan nanocomposites either free from drugs or loaded with drugs were performed using a diffractometer equipped with a rotating target X-ray tube and a wide-angle goniometer. The X-ray tube was operated at a potential of 45 kV and a current of 40 mA. The X-ray source was Ka radiation from a copper target with graphite monochromate. The scan was performed with a range of 2 hours at a speed of 4° per minute from 10° to 80°.
Thermal gravimetric analysis (TGA)
Free drugs, Cs/MWCNT composite, and drug-loaded Cs/MWCNT composite were analyzed by TGA. A sample of 5 mg was placed on a thin platinum pan and the measurement was carried out at a heat flow rate of 10°C/minute under nitrogen at a temperature range between 30°C and 600°C [14, 15] .
Cytotoxicity assay
This cytotoxic activity test (In vitro bioassay on human tumor cell lines) was conducted and determined by the Bioassay-Cell Culture Laboratory, National Research Centre. Cell viability was assessed by the mitochondrial-dependent reduction of MTT assay (Mosmann, 1983) . Procedure: Cells were suspended in DMEM F12 medium, 1% antibioticantimycotic mixture and 1% L-glutamine at 37°C under 5% CO 2 . Cells were batch cultured for 10 days, then seeded at a concentration of 10 × 10 3 cells/well in 96-well microtiter plates for 24 hours under 5% CO 2 using a water-jacketed carbon dioxide incubator. Media was aspirated, fresh medium (without serum) was added, and cells were incubated either alone (negative control) or with different concentrations of the sample to give a final concentration of (100-50-25-12.5-6.25-3.125-0.78 and 1.56 µg/ml). After 48 hours of incubation, the medium was aspirated, 40 µl MTT salt (2.5 μg/ml) was added to each well and incubated for further 4 hours at 37°C under 5% CO 2 . A positive control which composed of 100 µg/ml was used as a known cytotoxic natural agent which gives 100% lethality under the same conditions (Bassyouni et al., 2014; El-Sharkawy and Mahmoud, 2016) . After treatment cells were incubated with MTT (10 μl, 5 mg/ml) at 37°C for 4 hours and then with DMSO at room temperature for 1 hour. Viable cells were determined by measuring the absorbance at 595 nm using a microplate multi-well reader (Bio-Rad Laboratories Inc., model 3350, Hercules, California, USA). The percentage of change in viability was calculated according to the formula (Nivethaa et al., 2016) :
In vitro release studies
The in vitro drug release tests of the studied anticancer drugs from Cs and Cs/MWCNTs nanocomposites were performed using a dialysis bag method in a vessel containing dissolution media that can act as simulated intestinal fluid or simulated gastric fluid (Joshi et al., 2009) .
Simulated intestinal fluid is a phosphate buffer saline with pH 7.4 was synthesized by adding 0.1 M NaOH (195.5 ml) to 0.1 M KH 2 PO 4 (250 ml). While simulated gastric fluid is a buffer solution with pH 1.2 was synthesized by adding 0.2 M KCl (147 ml) to 0.2 M HCl (250 ml). Dialysis bags (molecular weight cut-off 12 kDa, Sigma) were immersed in the buffer solution for equilibration for 3 hours before experiments (Moustafa et al., 2013) . 0.5 g of polymeric nanocomposites loaded with drug in 3 ml of dissolution media (buffer saline) was introduced in the dialysis bag and placed into receptor compartment containing 50 ml of the dissolution media BS and kept closed under stirring (100 rpm) to avoid losing the media at constant temperature of 37°C ± 0.5°C (Liu et al., 2013) . Three milliliter of sample was withdrawn at definite ranges of time for analysis of drug released and an equal volume of fresh buffer was added to maintain sink conditions. The concentration of drug released was measured by UV-spectrophotometer at the maximum absorption wavelength of each drug λ max nm using the standard curve for each drug.
RESULTS AND DISCUSSION
MWCNTs were functionalized by oxidative process in our previous work (Sobh et al., 2018) to create function groups (hydroxyl and carboxyl) on MWNTs, (Jia et al., 2010) which renders MWNTs more compatible with common organic solvents to avoid aggregation and help in better dispersing and stabilization of the CNTs within a polymer matrix (Prakash et al., 2011; Sahoo et al., 2010) .
Polymeric MWCNTs nanocomposites were synthesized by encapsulation of MWCNTs by biodegradable and biocompatible natural polymer chitosan to be used as delivery devices for anticancer drugs. The purpose of encapsulation is to reach to optimum delivery of bioactive molecules through controlled sustained prolonged release at the targeted sites. Cs/MWCNT composite was constructed by solution processing method by mixing a dispersion of modified MWCNT in chitosan solution. Then, loading of drugs was achieved by incorporating required volume of the drug solution into solution of chitosan or Cs/MWCNTs composite by sonication for 10 minutes and stirred for 16 hours at room temperature (Zhang et al., 2009 ).
Morphology analysis
The morphological studies were performed using the TEM for Cs/MWCNTs nanocomposite before and after loading of the drugs and represented in Figure 1 . The TEM images showed that the surface topography of MWCNTs changed significantly proving uniform dispersion of CNT in chitosan which proves that surface of MWCNTs is covered with biopolymer chitosan, simultaneous with the wrapping of the polymers to the surface of MWCNTs (Fig. 1(A) ). This might be attributed to the pi bond interaction of CNT with chitosan amino and hydroxyl groups (Venkatesan et al., 2014) .
After loading of drugs, TEM images were depicted in Figure 2 (B-D) where the microscopic analysis for samples after the loading of each drug allowed to observe the morphological changes. The samples were compared to the morphology of neat composite.
The presence of significant additional structure on the surface of nanotubes after each drug loading could be detected that may refer to the loading of the high amount of drugs and well contamination and functionalization of the MWCNTs with the chitosan.
Entrapment Efficiency
Drug entrapment efficiency (EE) for the three studied anticancer drugs in the chitosan and MWCNT/chitosan nanocomposite was measured using the indirect method. Precipitation of the polymer nanocomposite was attempted by dropping a few drops of NaOH solution in the acetic chitosan solution loaded by the drug, then separated by centrifugation at 3,000 rpm and the free drug was measured in the filtrate using UV-spectrophotometer.
Drug EE values for both chitosan and Cs/MWCNTs nanocomposite were represented in Table 1 and it was noted that EE values of Cs/MWCNTs are quite different from that of chitosan. It was noticed that the presence of CNT with chitosan in the nanocomposite caused raising of the amount of drug loaded, where, for curcumin EE increased from 25% to 72% and for its derivative EE increased from 33% to 80%. While EE for 5-fluorouracil increased from 27% to 70%. Referring that drug-loading efficiency of Cs/MWCNTs is much higher than that of chitosan. It can be inferred from that cross-linked chitosan cannot interact effectively with drugs. Drugs may interact with Cs/MWCNTs by intermolecular interactions or loaded in the inner cavities of CNTs in addition to the polymer matrix (Luo et al., 2011; Peng et al., 2013) .
FTIR analysis
FTIR spectra of acid-treated MWCNTs, Cs, and Cs/ MWCNTs are shown in Figure 2(A) . In CNT spectra, the intense and wide band at 3,220 cm −1 is attributed to the vibration of -OH in carboxyl group, the characteristic peaks at 1,513 cm −1 and 1,040 cm
are due to the vibration of C=O and C-O, respectively. In Cs/ MWCNT spectra, the intense bands at 3,480 cm −1 and 1,040 cm
are attributed to the stretching vibration of N-H and C=O in -CONH, respectively, which confirm that the polymer was grafted onto MWCNTs via the amide linkage (Peng et al., 2013) . IR spectra for the Cs/MWCNT composite after loading the drugs were presented in Figure 2 (B-D) for curcumin, curcumin derivative, and 5-fluorouracil, respectively. Where the spectra for drug-loaded Cs/MWCNT composite were compared with that of the free drug and that of the neat Cs/MWCNT composite. It is noted that the main characteristic peaks for functional groups in both of free drug and the neat composite appeared in the spectra after loading. This fact confirms that there is no chemical interaction between the drug and the composite maintaining the active groups of the drugs (Moustafa et al., 2013) .
X-Ray Diffraction
The XRD patterns of neat chitosan, neat MWCNTs, and Cs/MWCNTs composite are presented in Figure 3 (A). It can be observed that neat chitosan exhibits one broad diffraction peak with 2θ values of 20.0° that indicates the amorphous state of chitosan. For Cs/MWCNTs pattern, the dominant peak at 2θ = 26.2° which is a characteristic of raw-CNTs still intense and sharp, indicating the good crystallinity of Cs/MWCNTs composite. So, the framework of nanotube still shows a strong influence on the properties of Cs/MWCNTs composite and also, grafting of chitosan on CNTs affects the intensity and peak position of the CNTs phase. It was proposed from these phenomena that they were related to a phase change in the structure of CNTs, in which chitosan had connected to the CNTs (Yang et al., 2015) .
XRD patterns for the composites after loading of each curcumin, its derivative, and 5-fluorouracil were shown in Figure 3(B) . It was observed that after loading of drugs in Cs/CNTs composite, many new varietal and low-intensity peaks appeared referring to the crystallinity of the Cs/CNTs phase is lower due to grafted chitosan. The absence of such sharp crystalline peaks confirmed the formation of an amorphous complex or disordered crystalline phase of the drug in the polymeric nanocomposites (Shaikh et al., 2009 ).
Thermal Gravimetric Analysis (TGA)
Thermal gravimetric analysis (TGA) is a simple and accurate method for studying the decomposition pattern and the thermal stability of chitosan, chitosan/CNT, and chitosan/ CNT loaded with different drugs that were studied within the temperature range of 50°C-700°C and the weight loss measurement was carried out at a heat flow rate of 10°C/minute under nitrogen (Kumar et al., 2014) .
The results of TGA (Fig. 4) showed generally that the existence of MWCNTs resulted in increasing the thermal stability of the Cs/MWCNTs nanocomposite (curve-D) and even after loading the drugs, for curcumin, its derivative, and 5-Fluorouracil, with respect to the free chitosan.The TGA results which compare the temperatures at which the sample loses a certain percentage from its original weight are listed in Table 2 , where T 10 is the temperature at which the sample loses 10% from its original weight, T 30 is the temperature at which the sample loses 30% from its original weight and so on. The results show that pure chitosan is the least thermally stable sample, where the thermal stability increased by MWCNT addition (Abdel Salam et al., 2011) .
The loading of the drug led to decrease in the thermal stability of the prepared chitosan/CNT, where the 5-Fluorouracil drug (B) causes the most decreasing in the thermal stability and curcumin derivative loading causes slightly decreasing the thermal stability decreasing for the prepared chitosan/CNT. While loading curcumin causing slightly increasing the thermal stability.
Cytotoxicity
The cytotoxicity experiments aimed to assess and compare the cytotoxicity of the curcumin-loaded Cs/MWCNT nanocomposite on breast cancer cells MCF-7 cells and normal retina cell line (RPE1 cells). Cytotoxicity measurements were performed using the MTT assay. The cell viability was measured for 48 hours after the addition of different concentrations of curcumin, curcumin loaded chitosan, or curcumin loaded Cs/MWCNT nanocomposite ranging from 0.78 to 100 µg/ml. The cell viability for chitosan was studied previously (Baharifar et al., 2016) and it was found to be around 69% depending on the concentration, M. wt., and deacetylation degree of chitosan.
The results of cell viability measurement for curcumin encapsulated Cs or Cs/MWCNT nanocomposite presented in Figure 5 showed a decrease in the mean viability percentages of the treated cells with respect to the control cells (Pandey et al., 2018) . Also, it showed a decrease in the percentage of cell viability MCF-7 cancer cells compared with RPE1 normal cells, indicating to higher cytotoxicity on cancer MCF-7 cells compared with normal RPE1 cells. These results imply the effectiveness of encapsulation of curcumin with either of Cs or Cs/MWCNT nanocomposite towards the specific destruction of the carcinogenic MCF-7 cells compared to RPE1 normal cells (Elbaz et al., 2016; Masloub et al., 2016) . This means that Cur-loaded Cs and Cs/ MWCNT are not only cytotoxic but also selective. This may be attributed to the ability of CNTs to deliver drugs directly to the cells and tissues as they can penetrate the cellular membrane without causing apparent cell damage (Abdelbary et al., 2012) .
In-vitro drug release
Studies of the release behavior of the applied anticancer drugs to the desired site is greatly important to formulate a successful cancer-targeted drug delivery system. So, the release behaviors of the drugs curcumin, its derivative, and 5-fluorouracil were studied in buffer solutions with two different pH values. In these studies, the release behavior from chitosan and the Cs/ MWCNTs were compared in the buffer solution with pH 7.4 which represents pH of the blood and buffer solution with pH 1.2 which represents the acidic media of the cancer cells or gastric fluid. Generally, Figure 6 represented the release of the drugs from the hydrogel that indicated an initial burst effect in first 30 minutes and then a gradual release of the drug began for all the investigated drug carriers either Cs or Cs/MWCNTs at different pH values. The initial burst drug release may be attributed to drug adsorbed on the surface in addition to the concentration gradient of the drugs between the gel and the media due to rapid swelling of the polymer.
Afterward, it is noted that the release rate of the drugs is pH dependent and strongly related to the swelling of both Cs and Cs/MWCNT in the two different fluids. Where pH value of the solution media has a great effect on the swelling degree and influence the molecular characteristics.
The release performance in the simulative gastric fluid pH 1.2 was more obvious, where, in the acidic solution, repulsive forces between the drug molecules and CNTs collaborating with swelling effect force drug release to the solution.
A significant finding was that cumulative release from the Cs/MWCNTs nanocomposite particle carrier was slower than pure chitosan, at the two investigated pH values (pH 1.2 and 7.4), that may be attributed to the drug encapsulated inside the interior cavities of MWCNTs (Peng et al., 2013) , The profile of slow drug release indicates to a strong association between the drug and CNTs, that improve or even trigger the drug release successfully, that would be extremely fruitful for controlled drug release purposes (Wong et al., 2013) . At the high pH of 7.4, chitosan is insoluble while in the acidic media the internal interaction between the drug and the carrier weakened and chitosan will be soluble. So, drug release from pure chitosan was very rapid at pH of 1.2. In contrast, drug release was far less rapid for the Cs/ MWCNTs nanocomposite, where the release from these matrices was significantly slower and controlled.
The in vitro drug release studies suggested that the carrier Cs or chitosan/CNT nanocomposite is pH sensitive that could benefit as cancer-targeted drug delivery where the acidic media of the cancer cells facilitates active drug release from NCs and increases drug bioavailability to cancer cells and leads to high therapeutic efficacy compared with normal cells (Elbaz et al., 2016) . In chitosan/CNT nanocomposite, particles of the drug contributed strongly inside the nanotube's cavity which causing very slow drug release (Zhang et al., 2009 ).
CONCLUSION
The nanocomposite of Cs/MWCNTs is a brilliant technique to improve the drug delivery efficiency resulting in long-term controlled sustained drug release and sensitive to pH of the dissolution media. The composite prepared delivers the drug without chemical interaction between the drug and the composite maintaining active groups of the drug as confirmed by FTIR and XRD. The presence of MWCNT in the polymeric nanocomposite permitted loading of high drug content and increased the thermal stability of the composite. The results of cytotoxicity assay measurement showed that the curcumin encapsulated Cs or Cs/MWCNT nanocomposite presented higher toxicity towards MCF-7 cancer cells compared with RPE1 normal cells indicating to the selective effectiveness of curcumin nanocomposite towards the destruction of the carcinogenic MCF-7 cells.
In vitro drug release studies confirmed the increase in the prolongation of sustained and controlled release for the three drugs applied that is kindly indicating that there is a strong inherence of the drug inside CNT's cavity and polymer network, strategies to improve or even trigger the release of the drug successfully, would be extremely fruitful for controlled drug release purposes.
